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Optical  Multichannel  Imaging  of  Pulsed 
Laser  Deposition  of  ZnO 

John  G.  Jones,  Lirong  Sun,  Neil  R.  Murphy,  and  Rachel  Jakuhiak 


Abstract — Pulsed  laser  deposition  is  an  efficient  technique  to 
obtain  stoichiometric  material  transfer  from  target  to  substrate 
and  has  been  used  by  researchers  and  in  industry  for  depositing 
materials  for  use  in  applications  ranging  from  hard  coatings  and 
superconductors  to  optical  materials.  The  images  detailed  here 
will  demonstrate  the  unique  plume  evolution  that  occurs  and  the 
high-speed  ionic  species,  and  slow-speed  neutral  and  molecular 
species  that  travel  from  target  material  to  substrate. 

Index  Terms — Imaging,  materials  preparation.  Zinc  Oxide. 

PULSED  laser  deposition  (PLD)  processes  utilize  a  high 
vacuum  chamber,  laser,  mirror  arrangement  with  focusing 
optic,  target  material,  and  substrate  material.  The  vacuum 
chamber  laser  entrance  window  needs  to  be  optically  trans¬ 
parent  for  the  laser  wavelength  of  interest,  and  the  target 
material  must  be  both  highly  absorptive  to  the  laser  wavelength 
of  interest  and  mounted  in  such  a  manner  as  to  point  at 
the  substrate.  Typically  substrates  are  rotated  for  uniformity 
of  growth  and  target  materials  are  rotated  for  minimization 
of  coning  and  target  damage.  When  the  focused  laser  pulse 
strikes  the  target  material,  a  plume  is  generated  that  is  ejected 
orthogonally  to  the  target  material.  By  controlling  the  chamber 
pressure,  laser  energy,  focus  spot  size,  substrate  temperature, 
and  target  material,  a  variety  of  material  compositions  and 
morphologies  can  be  deposited,  and  in  this  case  ZnO  is 
demonstrated  [1]. 

For  this  effort,  the  ZnO  laser  ablation  target  was  50-mm 
diameter,  a  Lambda  Physik  LPX  220  laser  was  used  having 
a  wavelength  of  248  nm,  pulse  length  of  ~20  ns,  energy 
setting  of  350  mJ/pulse,  and  a  resulting  target  fluence  of 
~90  J/cm^.  The  chamber  pressure  was  2  Pa  of  oxygen.  With 
focal  distances  being  typically  on  the  order  of  0.75  m,  and 
adjustments  to  focus  being  in  the  range  of  few  millimeters, 
it  is  easy  to  see  that  process  optimization  can  be  simplified 
with  some  sort  of  in  situ  tool  of  characterization. 

Plasma  diagnostics  using  an  optical  multichannel 
analyzer  (OMA)  can  be  invaluable  in  trying  to  diagnose  a 
new  deposition  setup  or  new  material  system.  The  OMA 
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used  for  imaging  is  an  Andor  Istar  intensified  charge-coupled 
device  camera  with  manual  focusing  optic  and  electronic 
synchronization  to  the  laser  pulsing.  In  addition,  a  high¬ 
speed  mirror  system,  Cambridge  Technology’s  two-axis 
optical  galvanometer  mirror  system  with  capacitance  coupled 
feedback  for  high  speed  motion,  was  used  to  steer  the  laser 
beam.  During  each  actual  thin-film  growth  or  deposition,  the 
laser  beam  is  steered  to  a  different  position  on  the  laser  target 
randomly  to  obtain  uniformity  of  growth  of  the  thin  film,  and 
also  to  minimize  damage  to  the  target.  To  obtain  the  images 
in  Fig.  1,  the  field  of  view  did  not  include  the  actual  target 
material  that  would  have  blinded  the  camera  to  the  weaker 
optical  emission  of  interest,  i.e.,  the  0-l-/zs  duration  image 
[Fig.  1(a)  and  (c)]. 

PLD  using  a  single  laser  pulse  ~20  ns  generates  a  plume 
that  results  for  ~20  fis.  Two  subprocesses  can  describe  the 
different  stages:  a  plume  is  generated  as  a  function  of  the 
laser  interaction  with  the  target  surface,  and  the  subsequent 
plume  contains  different  components  including  ions,  excited 
molecular  and  atomic  species,  and  neutrals  that  both  interact 
during  flight  and  with  the  oxygen  present  at  2-Pa  pressure. 
A  plume  is  brighter  at  higher  background  gas  pressures,  but 
thermalizes  quicker  and  therefore  decays  away  faster, 
requiring  a  shorter  substrate  distance.  At  lower  pressures, 
the  plasma  travels  farther  due  to  a  lower  thermalization  rate, 
but  potentially  the  desired  films  would  be  substoichiometric 
and  not  have  the  desired  oxygen  composition.  Ideally,  PLD 
provides  for  stoichiometric  transfer  of  materials  from  target 
to  substrate,  but  oxygen  is  always  lost  due  to  the  vacuum  and 
hence  the  need  for  an  oxygen  background  pressure  to  provide 
oxygen  for  reaction. 

With  the  target-laser  interaction  out  of  the  field  of  view  of 
the  OMA,  Fig.  1  shows  an  integrated  plume  image  of  a  single 
laser  pulse  of  ZnO  from  0  to  20  fis,  where  the  composite 
can  be  described  by  a  summation  of  Fig.  1(a)  and  (b). 
Fig.  1(a)  is  expected  to  be  dominantly  the  Zn+',  and 
Fig.  1(b)  is  the  composite  of  all  different  species  integrated 
between  1  and  20  //s,  demonstrating  that  the  first  frame 
alone  seems  to  contain  a  high  speed  component  of 
ZnO  PLD  [2]. 

Comparing  Fig.  1(c)  and  (d)  clearly  shows  that  the  high 
speed  component  is  effectively  gone  within  ~1  fis,  having 
a  velocity  of  ~50  km/s.  Fig.  l(d)-(j)  shows  plume  shock 
front  and  progression  in  1  /is  steps  with  a  speed  of  ~7  km/s. 
The  species  dominantly  expected  in  these  plume  images  are 
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Fig.  1.  Optical  multichannel  analyzer  (time  gated  ICCD)  images  for  l-fis  durations  showing  pulsed  laser  ablation  plume  evolution  of  ZnO  at  2  Pa  of 
oxygen.  Intensity  is  shown  in  aiUitrary  units,  where  the  most  intense  plume  fluence  is  plotted  in  white  and  the  least  intense  in  blue,  (a)  and  (b)  Notice 
the  sharp  image  feature  showing  the  initial  high  velocity  ionic  species  from  the  plume,  which  typically  is  otherwise  not  observable  as  a  2-D  measurement 
(typically,  an  energy  analysis  probe  would  have  to  be  moved  through  the  plasma  to  measure  the  fluence  at  each  point  in  a  1-D  fashion),  (a)  PLD  ZnO  0-1  /.is. 
(b)  PLD  ZnO  1-20  //s.  (c)  PLD  ZnO  0-1  ^s.  (d)  PLD  ZnO  1-2.  (e)  PLD  ZnO  2-3  /is.  (f)  PLD  ZnO  3^  /is.  (g)  PLD  ZnO  4-5  /is.  (h)  PLD  ZnO  5-6  ^s. 
(i)  PLD  ZnO  7-8  /is.  (j)  PLD  ZnO  19-20  /is. 


Zn*  and  ZnO*  [2].  Certainly  there  will  be  O*  generated  as 
well.  The  high  speed  component  shown  in  Fig.  1(a)  and  (c)  is 
expected  to  have  been  dominantly  the  Zn+*  as  it  would  have 
the  highest  velocity  when  compared  with  excited  molecular 
and  atomic  species  of  ZnO  [1],  [2].  Nanotechnology  appli¬ 
cations  for  ZnO  require  the  highest  standards  of  deposition, 
and  one  of  the  quickest  tools  for  understanding  and  improv¬ 
ing  the  deposition  process  can  be  accomplished  using  an 
OMA  [3]. 
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